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(54) An apparatus for retaining bone portions in a desired spatial relationship 

(57) An apparatus for retaining first and second 
bone portions in a desired spatial relationship com- 
prises a first member positionable along the first and 
second bone portions. A second member connectable 
with the first bone portion has surface means defining 
an opening. A fastener is extendable through the open- 
ing in the second member to connect the second mem- 
ber to the first bone portion. The fastener has a first 
portion for engaging the first bone portion and a second 
portion for clamping the first member against the sec- 
ond member to fix the first and second members 
against relative movement. The first member is also 
connected to the second bone portion. 
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Description 

Background of the Invention 

Technical Field s 

The present invention relates to an apparatus for 
use in retaining bone portions in a desired spatial rela- 
tionship. Specifically, the present invention relates to an 
apparatus for connection to anterior portions of cervical 10 
vertebrae of a spinal column for retaining the cervical 
vertebrae in a desired spatial relationship. 

Description of the Prior Art 

15 

There are various known apparatuses for retaining 
vertebrae of a spinal column in a desired spatial rela- 
tionship. Certain of such known apparatuses include 
rods connected to and extending between vertebrae 
and certain of such known apparatuses include plates 20 
connected to and extending between vertebrae. 



The present invention is an apparatus for retaining 25 
first and second bone portions, such as cervical verte- 
brae of a spinal column, in a desired spatial relationship. 
The apparatus includes a first member, preferably a lon- 
gitudinally extending member such as a rod, positiona- 
ble along the first and second bone portions. A second 30 
member, preferably a plate, connectable with the first 
bone portion has surface means defining an opening. A 
fastener is extendable through the opening in the sec- 
ond member to connect the second member to the first 
bone portion. 35 

In accordance with one feature of the present 
invention, the fastener has a first portion for engaging 
the first bone portion and a second portion for clamping 
the first member against the second member to fix the 
first and second members against relative movement. 40 
Preferably, the fastener has a threaded portion which 
threads into the first bone portion and a head portion 
which is expandable to clamp the first member against 
the second member. The apparatus further includes 
means for connecting the first member to the second 45 
bone portion. 

Brief Description of the Drawings 

The foregoing and other features of the present so 
invention will become more apparent to one skilled in 
the art upon reading the following description of the 
invention with reference to the accompanying drawings, 
wherein: 

55 

Fig. 1 is a view of a cervical portion of a spinal col- 
umn with a first embodiment of an apparatus con- 
structed in accordance with the present invention 
connected to anterior portions of the cervical verte- 
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brae to retain a desired spatial relationship between 
the cervical vertebrae; 

Fig. 2 is a sectional view, taken generally along the 
line 2-2 of Fig. 1 ; 

Fig. 3 is an enlarged exploded view of parts of Fig. 
1; 

Fig. 4 is a plan view of a part shown in Fig. 3; 
Fig. 5 is a sectional view, taken generally along the 
line 5-5 of Fig. 1 ; 

Fig. 6 is an enlarged exploded view of parts of Fig. 
5; 

Fig. 7 is a plan view of a part shown in Fig. 6; 
Fig. 8 is an enlarged view of parts of Fig. 6; 
Fig. 9 is an enlarged view, generally similar to Fig. 
8, showing another position of tile parts of Fig. 8; 
Fig. 10 is an enlarged view, generally similar to Fig. 
8, showing yet another position of the parts of Fig. 
8; and 

Fig. 1 1 is a view of a cervical portion of a spinal col- 
umn with a second embodiment of an apparatus 
constructed in accordance with the present inven- 
tion connected to anterior portions of the cervical 
vertebrae to retain a desired spatial relationship 
between the cervical vertebrae. 

Description of the Preferred Embodiments of the 
Invention 

A pair of surgically implantable longitudinally 
extending members, such as rods 10, of a first embodi- 
ment of the present invention (Fig. 1) for correcting 
deformation and/or degeneration of a human spinal col- 
umn C are connected to anterior portions of cervical 
vertebrae V of the spinal column by members in the 
form of plates 12 and 14. Each rod 10 is elongate and 
has a circular cross section taken in a plane extending 
perpendicular to the longitudinal central axis of the rod. 
The rods 1 0 are bendable in any desired plane to con- 
form to a desired curvature of the spinal column C. The 
rods 10 have sufficient strength and rigidity to maintain 
the vertebrae V in the desired relationship. The rods 10 
are made of a biocompatible material such as titanium 
or stainless steel. 

Each of the rods 10 has a length which is at least 
sufficient to enable the rod to span at least two of the 
cervical vertebrae V. In the embodiment of the invention 
illustrated in Fig. 1 , the rods 10 span two vertebrae V. Of 
course, the length of the rods 10 will depend upon the 
condition to be corrected and the number of vertebrae V 
to be held in a desired spatial relationship relative to 
each other by the rods 10. 

The plate 1 2 is connected to a vertebra V by fasten- 
ers 20 (Fig. 2). The fasteners 20 also fix or lock the rods 
10 relative to the plate 12 to prevent relative movement 
between the rods 1 0 and the plate. The plate 1 4 is con- 
nected to a vertebra V by fasteners 22 (Fig. 5). The fas- 
teners 22 permit relative movement between the plate 
14 and the rods 10. Therefore, the plate 14 is consid- 
ered a dynamic plate. 
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Each rod 10 terminates in a cap 24 engageable 
with the plate 14. The caps 24 prevent movement of the 
plate 14 relative to the rods 10 in a direction away from 
the plate 12, while allowing movement of the plate 14 in 
a direction toward the plate 12. 

Each of the fasteners 20 (Figs. 2 and 3) includes a 
sleeve 30 and an expander 32 located within the sleeve. 
The sleeve 30 has an axially extending central opening 
34 for receiving the expander 32. The sleeve 30 
includes a coarse external helical thread convolution 36 
for engaging a vertebra V. 

The sleeve 30 (Fig. 3) has a head end portion 38 
with a cylindrical outer side surface 40. An annular lip or 
rim 42 extends around the head end portion 38 of the 
sleeve 30 and projects radially outward from the cylin- 
drical outer side surface 40. The head end portion 38 of 
the sleeve 30 is radially and axially slotted to define four 
segments 44 (Fig. 1) of the head end portion 38. The 
four segments 44 are movable radially outward relative 
to each other. Thus, the head end portion 38 is expand- 
able. The radially and axially extending slots in the head 
end portion 38 receive a driving tool for threading the 
sleeve 30 into a vertebra. An end portion 48 (Fig. 3) of 
the sleeve 30 opposite from the head end portion 38 is 
radially and axially slotted to permit radially outward 
expansion of the end portion 48. 

The opening 34 of the sleeve 30 has a first diameter 
located along a central portion 50 of the sleeve 30 and 
a second diameter smaller than the first diameter 
located adjacent the end portion 48. The sleeve 30 has 
an internally threaded portion 52 between the central 
portion 50 and the head end portion 38. The head end 
portion 38 has a conical shaped surface 54 that tapers 
from a larger diameter to a smaller diameter adjacent 
another conical shaped surface 56. The surface 56 
interconnects the surface 54 and the threaded portion 
52. The surface 56 tapers from a larger diameter adja- 
cent of the surface 54 to the smaller diameter of the 
threaded portion 52. 

The expander 32 has a rod portion 60 for extending 
in the opening 34. The rod portion 60 has a diameter 
which is approximately equal to the diameter of the 
opening 34 in the central portion 50 of the sleeve. The 
rod portion 60 engages the interior of the end portion 48 
of the sleeve 30 and causes the end portion 48 to 
expand and help retain the fastener 20 in the vertebra V. 

The expander 32 has a head end portion 62 with an 
X-shaped driver slot for receiving a driving tool for rotat- 
ing the expander relative to the sleeve 30. The head end 
portion 62 has a tapering surface 64 for engaging the 
tapering surface 54 of the sleeve 30. The expander 32 
includes a threaded portion 66 for th readably engaging 
the threaded portion 52 of the sleeve 30. The tapering 
surface 64 of the expander 32 engages the tapering 
surface 54 of the sleeve 30 to move the four segments 
44 radially outward. Therefore, the head end portion 38 
of the sleeve 30 expands. 

The member or plate 12 (Figs. 2-4) is made of a 
suitable biocompatible material, such as titanium or 



stainless steel, The plate 1 2 includes a surface 70 for 
engaging an anterior surface of the vertebra V and a 
surface 72 opposite from the surface 70 for facing away 
from the vertebra V. The plate 12 has generally parallel 

s rod openings 74 for receiving the rods 10. Slots 75 (Fig. 
4) extend from side surfaces 76 of the plate 12 and 
intersect the openings 74. The slots 75 define a pair of 
axially spaced arcuate surfaces that engage portions of 
the rod 10 at axially spaced locations. 

10 The plate 12 (Figs. 3 and 4) has a pair of fastener 
openings 78 for receiving the fasteners 20. The fastener 
openings 78 are located adjacent to and intersect, or 
overlap, the rod openings 74. The openings 78 have 
axes 79 that extend at an angle relative to each other so 

15 that the fasteners 20 extend at an angle to each other 
when the fasteners are connected with the plate 12. 

Each one of the fastener openings 78 is partially 
defined by a larger diameter cylindrical surface 80 
which extends parallel to the axis of the fastener open- 

20 ings. The fastener opening 78 is partially defined by a 
smaller diameter cylindrical surface 82 which extends 
parallel to the axis of the openings 78. An annular shoul- 
der surface 84 extends radially between the surfaces 80 
and 82. The shoulder surface 84 defines a seat or 

25 recess in the opening 78 against which the rim 42 of the 
sleeve 30 engages. 

When the plate 1 2 is to be connected to the anterior 
portion of the cervical vertebra V, it is positioned on the 
anterior portion of the cervical vertebra with the surface 

30 70 facing the anterior portion of the vertebra V and the 
rods 10 extending through the openings 74. The 
sleeves 30 of the fasteners 20 are placed through the 
fastener openings 78 in the plate 12 and threaded into 
the vertebra V. The sleeves 30 are threaded into the ver- 

35 tebra V until the rims 42 of the sleeves engage the 
shoulder surfaces 84 and press the surface 70 of the 
plate 12 against the vertebra V. The expanders 32 are 
threaded into the sleeves 30 to cause the head end por- 
tions 38 to expand so that the segments 44 expand radi- 

40 ally outward into engagement with the cylindrical 
surfaces 80 of the fastener openings 78 in the plate 1 2. 
The head end portions 38 of the sleeves 30 also expand 
into engagement with the rods 10 in the rod openings 74 
and clamp the rods in the openings 74. Accordingly, the 

45 fasteners 20, the plate 12, and the rods 10 are pre- 
vented from moving relative to each other. 

When the apparatus is positioned on the spinal col- 
umn C, the fasteners 20 secure the plate 12 to its asso- 
ciated vertebra V. The plate 12 is also fixed in position 

50 relative to the rods 1 0, as described above. Accordingly, 
the vertebra V to which the plate 1 2 is connected is fixed 
in position relative to the rods 1 0. 

Each of the fasteners 22 (Figs. 5 and 6) which 
secure the plate 1 4 to a vertebra V includes a sleeve 90 

55 and an expander 92 located within the sleeve. Each fas- 
tener 22 has a longitudinal central axis 93. The sleeve 
90 has an axially extending central opening 94 for 
receiving the expander 92. The sleeve 90 includes a 
coarse external helical thread convolution 96 for engag- 
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ing a vertebra V. 

The sleeve 90 (Fig. 6) has a head end portion 98 
with a part spherical outer side surface 100. The head 
end portion 98 of the sleeve 90 is radially and axial I y 
slotted to define four segments 1 04 (Fig. 1 ) of the head s 
end portion 98. The four segments 104 are movable 
radially inward and outward relative to each other so 
that the head end portion 98 is expandable and collaps- 
ible. The radially and axially extending slots in the head 
end portion 98 receive a driving tool for threading the 10 
sleeve 90 into a vertebra V. An end portion 108 (Fig. 6) 
of the sleeve 90 opposite from the head end portion 98 
is radially and axially slotted to permit radially outward 
expansion of the end portion 108. The head end portion 
98 of the sleeve 90 has a surface 1 48 facing away from 15 
the end portion 108. 

The opening 94 of the sleeve 90 has a first diameter 
located along a central portion 1 10 of the sleeve 90 and 
a second diameter smaller than the first diameter 
located adjacent the end portion 1 08. The sleeve 90 has 20 
an internally threaded portion 112 between the central 
portion 110 and the head end portion 98. The head end 
portion 98 has a conical shaped surface 1 14 that tapers 
from a larger diameter to a smaller diameter adjacent 
another conical shaped surface 116. The surface 116 25 
interconnects the surface 1 1 4 and the threaded portion 
112. The surface 116 tapers from a larger diameter 
adjacent the surface 1 1 4 to the smaller diameter of the 
threaded portion 1 12. 

The expander 92 has a rod-shaped portion 122 for so 
extending into the opening 94. The rod portion 120 has 
a diameter which is approximately equal to the diameter 
of the opening 94 in the central portion 1 10 of the sleeve 
90. The rod portion 1 20 engages the interior of the end 
portion 1 08 of the sleeve 90 and causes the end portion 35 
108 to expand and help retain the fastener 22 in the ver- 
tebra V. 

The expander 92 has a head end portion 122 with 
an X-shaped driver slot for receiving a driving tool for 
rotating the expander relative to the sleeve 90. The 40 
head end portion 122 has a tapering surface 124 for 
engaging the tapering surface 1 14 of the sleeve 90. The 
expander 92 includes a threaded portion 126 for thread- 
ably engaging the threaded portion 1 1 2 of the expander 
90. The tapering surface 124 of the expander 92 45 
engages the tapering surface 114 of the sleeve 90 to 
move the four segments 104 radially outward. There- 
fore, the head end portion 98 of the sleeve 90 expands. 

The member or plate 14 (Figs. 5-7) is made of a 
suitable biocompatible material, such as titanium or so 
stainless steel. The plate 14 includes a surface 130 for 
engaging an anterior surface of the vertebra V and a 
surface 132 opposite from the surface 130 for facing 
away from the vertebra V. The plate 14 has generally 
parallel rod openings 1 34 for receiving the rods 10. 55 

The plate 1 4 has a pair of fastener openings 138 for 
receiving the fasteners 22. The fastener openings 1 38 
are located adjacent to the rod openings 1 34 but do not 
intersect or overlap the rod openings 134. The fastener 



openings 138 have axes 139 extending at an angle to 
each other. 

Each one of the fastener openings 138 is partially 
defined by a part spherical surface 1 40 (Figs. 6-1 0) cen- 
tered on the axis 1 39. The part spherical surface 1 40 
defines a seat or recess in the opening 138 against 
which the part spherical surface 100 of the sleeve 90 is 
engageable. The part spherical recess 140 has a major 
diameter 142 (Figs. 6 and 8). A first portion 144 of the 
recess 1 40 is located on one side of the major diameter 
142 and adjacent the surface 132 of the plate 1 4. A sec- 
ond portion 146 of the recess 140 is located on the 
other side of the major diameter 1 42 and adjacent the 
surface 130 of the plate 14. 

When the plate 1 4 is to be connected to a vertebra 
V, the plate 14 is placed on the vertebra V with the sur- 
face 130 engaging the anterior portion of the vertebra V 
and the rods 10 extending through the openings 134. 
The sleeves 90 are threaded into the vertebra V through 
the fastener openings 138 in the plate 14. As the head 
end portions 98 of the sleeves 90 enter the openings 

138 in the plate 14, the segments 104 are compressed 
radially inward then expand radially outward. The sur- 
faces 148 on the head end portions 98 of the sleeves 90 
are located in the first portions 144 of the recesses 140 
when the head end portions 98 are received in the 
recesses. Because the major diameter 142 of each 
recess 140 is spaced inward from the outer surface 1 32 
of the plate 14, the expanded fasteners 22 resist move- 
ment out of the recesses in the plate. 

The expanders 92 are threaded into the sleeves 90 
and cause the head end portions 98 of the sleeves to 
expand into engagement with the openings 138 and 
prevent relative movement between the plate 14 and the 
fasteners 22. 

The engagement of the part spherical surfaces 1 00 
of the sleeves 90 with the part spherical surfaces 1 40 of 
the openings 138, enables the fasteners 22 to have a 
plurality of positions in which the axis 93 of each fas- 
tener 22 extends at an angle to the axis 139 of its asso- 
ciated opening 138 in any direction. Preferably, the axis 
93 of each fastener 22 can be positioned at a maximum 
of approximately 1 0° in any direction relative to the axis 

139 of its associated opening 138. Three alternative 
positions are shown in Figs. 8-10. 

The fasteners 22 secure the plate 1 4 to the vertebra 
V. However, the plate 14 is movable relative to the rods 
10 because the fastener openings 138 do not intersect 
or overlap the rod openings 1 34. As a result, the verte- 
bra V connected to the plate 1 4 is movable relative to 
the rods 10 along the longitudinal axes of the rods 10. 

Accordingly, the vertebra V connected to the plate 
14 is movable vertically downward toward the vertebra 
to which the plate 12 is connected. This relative move- 
ment allows for the maintaining of a load on bone graft 
placed between the vertebrae V. If the plate 14 was not 
movable relative to the plate 12, then the distance 
between the vertebrae V would be fixed. If a bone graft 
is placed between the vertebrae V and the bone graft 
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resorbed sufficiently, the bone graft could possibly 
shrink out of engagement with one or both of the verte- 
brae V. Allowing relative movement of the plates 12 and 
1 4 can help to maintain a desired load on bone graft 
placed between the vertebrae V and maintain the verte- 5 
brae in contact with the bone graft to facilitate bone 
growth. 

It may not be necessary, in some circumstances, to 
use a dynamic (movable) plate such as the plate 14. In 
such circumstances, two plates identical to the plate 1 2 10 
can be used in the same apparatus. Such a system is 
illustrated in Fig. 11. 

In Fig. 11 a pair of surgically implantable rods 160 
are shown connected to anterior portions of cervical 
vertebrae V of a spinal column C by a pair of identical 15 
plates or members 162. The plates 162 are identical to 
the plates 12 illustrated in Figs. 1-4 and will not be 
described in detail. The plates 162 are connected to the 
vertebrae V by fasteners 164. The fasteners 164 are 
identical to the fasteners 20 illustrated in Figs. 1 -3 and 20 
will not be described in detail. The fasteners 164 also fix 
the rods 160 relative to the plates 162 to prevent relative 
movement between the rods and the plates. The appa- 
ratus illustrated in Fig. 1 1 prevents relative movement 
between the vertebrae V since the plates 162 and rods 25 
1 60 are prevented from moving relative to each other by 
the fasteners 164. 

From the above description of the invention, those 
skilled in the art will perceive improvements, changes 
and modifications in the invention. Such improvements, 30 
changes and modifications within the skill of the art are 
intended to be covered by the appended claims. 

Claims 

35 

1. An apparatus for retaining first and second bone 
portions in a desired spatial relationship, said appa- 
ratus comprising: 

a first member positionable along the first and 40 
second bone portions; 

a second member connectable with the first 
bone portion and having first surface means 
defining a first opening; 

a first fastener extendable through said first 45 
opening in said second member to connect 
said second member to the first bone portion, 
said first fastener having a first portion for 
engaging the first bone portion and a second 
portion for clamping said first member against so 
said second member to fix said first and sec- 
ond members against relative movement; and 
means for connecting said first member to the 
second bone portion. 

55 

2. An apparatus as set forth in claim 1 wherein said 
second portion of said first fastener is expandable 
into engagement with said first surface means 
defining said first opening in said second member 



to prevent relative movement between said first fas- 
tener and said second member, said second por- 
tion of said first fastener also being expandable into 
engagement with said first member to clamp said 
first member against said second member, said first 
fastener including means for expanding said sec- 
ond portion of said first fastener into engagement 
with said first surface means defining said first 
opening and into engagement with said first mem- 
ber. 

3. An apparatus as set forth in claim 2 wherein said 
second member includes a passage through which 
said first member is extendable, said passage inter- 
secting said first opening through which said first 
fastener is extendable, said second portion of said 
first fastener extending into said passage to clamp 
said first member against said second member in 
said passage. 

4. An apparatus as set forth in claim 1 wherein said 
first fastener includes a threaded sleeve for thread - 
ably engaging the first bone portion and an 
expander for expanding said second portion of said 
first fastener, said sleeve having surface means 
defining an axially extending opening into which 
said expander is extendable, said surface means 
defining said axially extending opening having a 
tapering surface engageable with a tapering sur- 
face on said expander to expand said second por- 
tion of said first fastener into engagement with said 
first surface means defining said first opening in 
said second member and into engagement with 
said first member to clamp said first member 
against said second member. 

5. An apparatus as set forth in claim 1 wherein said 
first member is a first longitudinal member, said 
apparatus further including a second longitudinal 
member positionable along the spinal column gen- 
erally parallel to said first longitudinal member and 
a second fastener for connecting said second mem- 
ber to the first bone portion, said second fastener 
being extendable through a second opening in said 
second member to connect said second member to 
the first bone portion, said second fastener having a 
first portion for engaging the first bone portion and 
a second portion for clamping said second longitu- 
dinal member against said second member to fix 
said second member and said second longitudinal 
member against relative movement, said means for 
connecting said first member to the second bone 
portion including means for connecting said second 
longitudinal member to the second bone portion. 

6. An apparatus as set forth in claim 5 wherein said 
second portion of said second fastener is expanda- 
ble into engagement with second surface means 
defining said second opening in said second mem- 
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ber to prevent relative movement between said sec- 
ond fastener and said second member, said second 
portion of said second fastener also being expand- 
able into engagement with said second longitudinal 
member to clamp said second longitudinal member s 
against said second member, said second fastener 
including means for expanding said second portion 
of said second fastener into engagement with said 
second surface means defining said second open- 
ing and into engagement with said second longitu- w 
dinal member to clamp said second longitudinal 
member against said second member. 

7. An apparatus as set forth in claim 5 wherein said 
means for connecting said first and second longitu- 15 
dinal members to the second bone portion includes 

a third member connectable with the second bone 
portion and having third and fourth surface means 
defining third and fourth openings, respectively, in 
said third member, and third and fourth fasteners 20 
extendable through said third and fourth openings 
in said third member to connect said third member 
to the second bone portion. 

8. An apparatus as set forth in claim 7 wherein said 25 
third fastener has a first portion for engaging the 
second bone portion and a second portion, said 
second portion of said third fastener being expand- 
able into engagement with said third surface means 
defining said third opening in said third member to 30 
prevent relative movement between said third fas- 
tener and said third member, said third fastener 
including means for expanding said second portion 

of said third fastener into engagement with said 
third surface means defining said third opening, 35 
said fourth fastener having a first portion for engag- 
ing the second bone portion and a second portion, 
said second portion of said fourth fastener being 
expandable into engagement with said fourth sur- 
face means defining said fourth opening in said 40 
third member to prevent relative movement 
between said fourth fastener and said third mem- 
ber, said fourth fastener including means for 
expanding said second portion of said fourth fas- 
tener into engagement with said fourth surface 45 
means defining said fourth opening. 
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